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As the world’s most advanced third generation passively safe pressurized water 
reactor, large-scale advanced pressurized water reactor AP1000 will be widely 
promoted in China and other countries in the world. Self-sustaining nuclear fission 
reaction in reactror releases energy, which is carried out by cooling medium in the 
form of heat, boiling steam drive the turbine blade to rotate to generate electricity. As 
new-generation directionally solidified nickel-base superalloy developed by our own 
country, 4706DS is one of the best candidate materials for AP1000 turbine blade. 
Alloy 4706DS is the research object of the experimental investigation in this 
thesis, creep-fatigue tests have been conducted on specimens of different preparation 
procedure. After creep-fatigue tests, detailed analysis and characterization of 
microstructure and microchemistry of creep-fatigue fracture specimens have also been 
conducted, including metallographic tests, XRD tests, SEM tests, TEM/STEM tests, in 
order to study the creep-fatigue fracture mechanism of 4706DS. 
Based on the analysis of aging and non-aging creep-fatigue specimens, we can 
conclude as follows. During aging process, γ′ phase of irregular shape turns into γ′ 
phase of spherical shape, and γ′ phase aggregate to grow up, the effect of second phase 
dispersion strengthening decreases; the content of MC carbides increases by separating 
out from the matrix, the content of M23C6 carbides increases by separating out from the 
matrix and the degenerating reaction of MC carbides, the carbides aggregate and grow 
up during the aging process, as a result, the effect of second phase dispersion 
strengthening decreases; the absolute value of the degree of mismatch decreases, the 
coherent strengthening degree increases. However, the decreasing of second phase 
dispersion strengthening plays a main role, as a result, the ability of resisting 















Based on analysis and characterization of microstructure and microchemistry of 
specimens at different aging temperatures, we can conclude as follows. With the 
increase of aging temperature, the size of γ′ phase increases, the degree of dispersion 
decreases, the effect of second phase dispersion strengthening decreases; the content of 
carbides increases, but the size of particles increases, the degree of dispersion 
decreases, the effect of second phase dispersion strengthening decreases; the absolute 
value of the degree of mismatch decreases, the coherent strengthening degree increases. 
When the holding time is 3 minutes, the decreasing of second phase dispersion 
strengthening plays a main role, as a result, the ability of resisting creep-fatigue 
fracture decreases. When the holding time is 0.6 minutes or 30 minutes, the coherent 
strengthening plays a main role, as a result, the ability of resisting creep-fatigue 
fracture increases.  
Based on the analysis of stress state on the creep-fatigue behavior, we can 
conclude that, from the transition arc R to the middle location M to the fracture 
location B, the stress value acting on the specimen gradually increases, as a result, MC 
carbides resolve, the content of M23C6 carbides increases, M23C6 carbides aggregate 
and grow up; γ′ phase aggregate and grow up, resulting in the decrease of the effect of 
second phase dispersion strengthening; the absolute value of the degree of mismatch 
increases, the coherent strengthening degree decreases; the density of dislocations 
increases. As a result, the fracture breaks first. 
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       图 1.1 叶片材料发展历程及其承受温度 















    高温合金叶片于 20 世纪 40 年代研制成功，初期阶段，主要通过固溶和沉淀
强化，使服役温度提高至 850°C，但过多的添加合金元素导致了热加工成型困难。






































和 In-792。其中，基于普通铸造高温合金 MAR-M200 开发出的 PWA1422 新型定
向凝固高温合金具有良好的中、高温持久强度和塑性，热疲劳性能提高了近 5 倍，
已经广泛应用于航空发动机和工业燃机的涡轮叶片制造中[2-4]。 
上世纪 80 年代末到 90 年代初在美国及俄罗斯出现了第二代定向凝固高温合
金，承温能力相较于第一代定向凝固高温合金提高了 28~35°C，如 PWA1426、、















定向凝固镍基高温合金主要由基体相 γ 相和强化相 γ′相组成，同时合金中还
包含其它微量相，比如碳化物、TCP 相等。 
(1)基体 γ 相 
基体 γ 相为具有面心立方结构(fcc)的镍基奥氏体相，Cr、Co、W、Mo 等元
素固溶在基体中，提高了合金的综合性能，使合金能够在高温、高应力的苛刻条
件下工作。由于添加元素的种类和数量不同，该相的点阵常数会发生变化，通常
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